The pimeloyl-CoA synthase from Bacillus sphaericus has been purified to homogeneity from an overproducing strain of Escherichia coli. The purification yielded milligram quantities of the synthase with a specific activity of 1 unit/mg of protein. Analysis of the products showed that this enzyme catalysed the transformation of pimelate into pimeloyl-CoA with concomitant hydrolysis of ATP to AMP. Using a continuous spectrophotometric assay, we have examined the catalytic properties of the pure enzyme. The pH profile under Vm.ax conditions showed a maximum around 8.5. Apparent Km values for pimelate, CoASH, ATP-Mg2-and Mg2" were respectively 145 /uM, 33 /tM, 170 #M and 2.3 mm. The enzyme was inhibited by Mg2" above 10 mm. This acid-CoA ligase exhibited a very sharp substrate specificity, e.g. neither GTP nor pimelate analogues (di-or mono-carboxylic acids) were processed. The bivalent metal ion requirement was also investigated: Mn2+ (73 %) and Co2" (32 %) but not Ca2+ could replace Mg2+. The enzyme was inhibited by metal chelators such as 1,10-phenanthroline and EDTA. The synthase was a homodimer with a 28000-Mr subunit. N-Terminal sequencing definitely proved that this enzyme was encoded by the bioW gene. A careful study of pimelate uptake by B. sphaericus, E. coli and Pseudomonas denitrificans showed that this metabolite crossed the membrane of these microorganisms by passive diffusion, ruling out the involvement of the bioX gene product as pimelate carrier.
INTRODUCTION
The metabolic pathway leading to biotin has been elucidated in Escherichia coli and Bacillus sphaericus [1, 2] . The first common intermediate of this pathway, in these two bacteria, is pimeloylCoA (Scheme 1). Indeed, the transformation of pimeloyl-CoA to 8-amino-7-oxononanoate has been demonstrated in cell-free extracts of E. coli [3] , B. sphaericus [4] and other bacteria [5] , and we have recently reported the first purification to homogeneity of the 8-amino-7-oxononanoate synthase (EC 2.3.1.47) [6] . On the other hand, the origin of pimeloyl-CoA is not clear in all the bacteria so far studied. Izumi and coworkers have shown that a pimeloyl-CoA synthase activity, using pimelate as substrate, could be detected in various cell-free extracts [7] , including those from E. coli, using a coupled assay with 8-amino-7-oxononanoate synthase. They also partially characterized this activity in Bacillus megaterium using a partially purified (34-fold) preparation [8, 9] . However, the presence of this enzyme in E. coli has been questioned by several groups [1, 10] .
We have elucidated and sequenced the bio genes in B. sphaericus and showed that all the activities required for the transformation of pimelate into 8-amino-7-oxononanoate were encoded by the bioXWF cluster [10] . Although bioF was identified as the 8- amino-7-oxononanoate synthase gene, confirmed by the characterization of the pure synthase, initial genetic experiments suggested that bio W was involved in pimeloyl-CoA biosynthesis, i.e. a weak complementation was observed when bioC and bioH E. coli mutants, transformed with a plasmid harbouring the bio W gene, were grown on pimelate-supplemented medium [10] . No specific role could be attributed to bioX, although the hydrophobic character of the encoded protein suggested a membranebound protein (a permease for pimelate?).
To clarify these points, we have purified the pimeloyl-CoA synthase from B. sphaericus, and characterized it. We have also investigated pimelate uptake by B. sphaericus and other microorganisms. EXPERIMENTAL 
Materials
Phenyl-Sepharose CL-4B, DEAE-Sepharose CL-6B and Reactive-Red 120-Agarose 3000-CL were purchased from Sigma (St. Louis, MO, U.S.A.). Sephadex G-100 was from Pharmacia (Uppsala, Sweden). All microbiological reagents were from Difco (Detroit, MI, U.S.A.). All chemicals were of the highest purity available and were purchased either from Sigma, Prolabo (Paris, France) or Aldrich (Milwaukee, WI, U.S.A.). Na14CN
(45 mCi/mmol) was purchased from CEA (Saclay, France).
[14C]Inulin (3 mCi/g) was obtained from Sigma. Pimeloyl-CoA and 8-amino-7-oxononanoic acid were synthesized as already described [6] .
Assays
Pimeloyl-CoA was colorimetrically determined in the form of its hydroxamate as already described [6] or at 230 nm (6230 4500M-l cm-') [14] . The CoASH concentration was determined at 260nm (6260 16800M-l cm-'), and the ATP concentration at 260 nm (6260 15400 M-1 cm-').
Pimeloyl-CoA synthase was assayed using two different procedures. Procedure A involved a coupled-assay with 8-amino-7-oxononanoate synthase as described by Izumi et al. [9] , but with modifications. The assay mixture consisted of 1.5 mmdisodium pimelate, 0.1 mM-CoASH, 2.0 mM-ATP, 10 .0 mmMgC1,, 25.0 mM-L-alanine, 0.1 mM-pyridoxal phosphate (PLP), 0.1 rm-unit of 8-amino-7-oxononanoate synthase (purified as previously described [6] 8-Amino-7-oxononanoate concentration was then determined using the Saccharomyces cerevisiae bioassay [6] .
Procedure B: this determination is based on the appearance of the thioester bond at 230 nm (6230 4500m-l cm-') [14] . The quartz cuvette contained 1.5 mM-disodium pimelate, 0. 
Protein assay
Protein concentrations were determined by the method of Bradford [15] using the reagent supplied by Bio-Rad. BSA fraction V, from Sigma, was used as a standard.
Identification of the products
The reaction mixture was as described above for procedure B. Phenyl-Sepharose. The enzyme solution was loaded onto a phenyl-Sepharose column (2.5 cm x 18 cm) equilibrated with buffer B. The proteins were eluted using a linear gradient (3-0 MNaCl in buffer B; 2 x 200 ml) followed by a wash with 100 ml of buffer C (buffer B without NaCl). Active fractions were pooled.
Reactive-Red-Agarose. The enzyme solution was loaded on to a Reactive-Red-Agarose column (2.5 cm x 10 cm) equilibrated with buffer C. After washing the column with 100 ml of buffer C the proteins were eluted using a linear salt gradient (0-4 M-NaCl in buffer C; 2 x 200 ml). Active fractions were pooled, concentrated by ultrafiltration (Amicon P 10) 
Isoelectrofocusing
The isoelectric point was determined on a polyacrylamide gel using a 3-10 pH gradient (Biolyte from Bio-Rad). The bands were stained with Crocein Scarlet 7B and Coomassie Brillant Blue R-250. Standards were from Bio-Rad.
Uptake experiments B. sphaericus and E. coli were grown to mid-exponential phase at 37 'C, in LB [17] , GP [7] or M9 [17] [9] have described a discontinuous coupled assay for pimeloyl-CoA synthase using 8-amino-7-oxononanoate synthase. Although very sensitive (in the picomolar range), the microbiological determination of 8-amino-7-oxononanoate is tedious and not very accurate [6] . Indeed, the growth of the test organism requires at least 15 h and the manual measurement of growth diameters limits its accuracy [6] . We have thus used a continuous assay for the pimeloyl-CoA synthase based on the appearance of the thioester-bond chromophore (6230 4500 M-1 cm-') which is less sensitive than the former but more accurate and much easier to set up. Using this assay, progress curves were linear over 5 min and the calculated initial velocities showed a linear response over a wide range of enzyme concentrations (results not shown). This assay was used throughout this study unless otherwise stated.
Purification
The B. sphaericus pimeloyl-CoA synthase was purified from an overproducing strain, E. coli C268, containing the synthasecloned gene downstream of a lactose promoter inserted into plasmid pTG3403 (R. Gloeckler, unpublished work). Overproduction led to about 2°h of the soluble proteins in E. coli being the synthase. Table 1 summarizes the purification, which permitted the isolation of the enzyme in milligram quantities with a specific activity of about 1 unit/mg. This value is at least 1000-fold higher than that reported for the B. megaterium enzyme preparation, which was not homogeneous [9] .
Glycerol, EDTA and 2-mercaptoethanol efficiently stabilized the enzyme, which showed a slow inactivation in their absence, and thus were used throughout the purification. The PhenylSepharose/Reactive-Red sequence was very efficient (see Table  1 ) leaving only small contaminants which were removed using the f.p.l.c. columns, yielding an electrophoretically pure enzyme (Fig. 1) 
Catalytic properties
The pH profile of the catalysis under Vax. conditions was bellshaped with a maximum around pH 8.5-9.0 (Fig. 2) . No activation was detected using different buffers [Tris/HCl, 2-(cyclohexylamino)ethanesulphonic acid (Ches)/HCl or glycine/NaOH] although borate buffer slightly inactivated the enzyme. Steady-state kinetic parameters were determined using the direct linear plot [19] (Fig. 3) . Experimental conditions were as described for procedure B, i.e. 1 [20] . To keep the Mg2+ concentration constant when the ATP Mg2-concentration was varied, a constant excess of 10 mM-MgCl2 over the ATP concentration was used [21] . When the Mg2+ concentration was varied from 2 mm to 10 mm, conditions in which the ATP Mg2-concentration is constant [21] , an apparent Km of 2.3 mm was found, but, as already noted for the B. megaterium enzyme [9] , inhibition was observed at higher Mg2+ concentrations. Assuming an apparent Km.ax of 1 unit/mg we calculated a kcat of 0.4 s-1, giving an apparent kcat./Km of 3 x 103 M-1 s-1, for pimelate.
Specificity
The specificity of the synthase was examined using nucleotide and pimelate analogues and various bivalent cations (Table 2) . GTP was a very poor substrate for the pimeloyl-CoA synthase and, as expected, no activity was observed using AMP. megaterium enzyme [9] , metal chelators such as EDTA and 1,10-phenanthroline were inhibitors of the pimeloyl-CoA synthase: 50% inhibition at 10 mm for EDTA and 50% inhibition at 25 4uM for 1,10-phenanthroline.
Molecular properties SDS/PAGE analysis of the purified enzyme ( Fig. 1) showed a single band with an Mr of 28000, in accordance with the molecular mass deduced from the bioW gene sequence [10] . On gel-permeation chromatography (Sephadex G-100) the native enzyme was eluted as a single peak at Mr 60000, suggesting a homodimeric structure for the active synthase. The u.v./visible spectrum of the pure enzyme did not reveal the presence of any chromophore or cofactor. Isoelectrofocusing of the pure enzyme using a 5-7 pH gradient gave a band centred at pH 6.8 (results not shown). Pimelate uptake was also investigated in E. coli cells. We confirmed that the uptake was not significant with E. coli K 12 or E. coli C268: after 1 h the radioactivity accumulated by the cells was not significantly higher than the background. When E. coli C268, transformed with a plasmid bearing the bioXWF cluster under the tetracycline promoter (pTG1446; R. Gloeckler, unpublished work), was used, the uptake was not enhanced. However, when grown in the presence of exogenous pimelate E. coli C268/pTG1446 was able to metabolize this compound into 8-amino-7-oxononanoate, confirming a slow but real uptake (0. Ploux & R. Gloeckler, unpublished work).
Finally, pimelate uptake was studied in P. denitrificans. We confirmed that the uptake was faster as compared with E. coli and B. sphaericus (the steady-state plateau was reached within 10 min). Initial velocity studies showed that the process was passive diffusion (no energy dependence and no saturation kinetics; results not shown).
In conclusion, pimelate crosses the membrane of these different bacteria by passive diffusion without involving any carrier protein. This rules out our second hypothesis concerning the role of the bioX gene product. Whether this gene is involved in pimelate biosynthesis remains to be established by genetic studies and experiments in vitro.
